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,QWURGXFWLRQ
3URGXFWLRQ RI WUDQVSRUWDWLRQ IXHOV IURP OLJQRFHOOXORVLF ELRPDVV LV RQH RI WKH OHDGLQJ
FDQGLGDWHV WR UHSODFH IRVVLOEDVHG WUDQVSRUWDWLRQ IXHOV >@ 7KHUPRFKHPLFDO SUHWUHDWPHQWZLWK
GLOXWH VXOIXULF DFLG LV XVHG WR RSHQ XS WKH ELRPDVV VWUXFWXUH  7KHUPRFKHPLFDO SUHWUHDWPHQW
DOVR UHOHDVHV FRPSRXQGV ZKLFK DUH LQKLELWRU\ WR WKH PLFURRUJDQLVPV WKDW DUH XVHG LQ WKH
VXEVHTXHQW IHUPHQWDWLRQ VWHS  &RQVHTXHQWO\ WKH K\GURO\VDWH PXVW EH GHWR[LILHG WR UHPRYH
LQKLELWRU\FRPSRXQGV
(DUOLHUVWXGLHV>@LQGLFDWHGWKHIHDVLELOLW\RIXVLQJQRQGLVSHUVLYHPHPEUDQHH[WUDFWLRQWR
UHPRYH LQKLELWRU\ FRPSRXQGV DOLSKDWLF DFLGV IXUDQ GHULYDWLYHV SKHQROLFV IURP ELRPDVV
K\GURO\VDWHV 7KHRUJDQLFSKDVHFRQVLVWLQJ RI$ODPLQH ZDWHU LQVROXEOH WUL&&DON\O
DPLQHLQRFWDQROZDVSXPSHGRQRQHVLGHRIDSRO\SURS\OHQHPHPEUDQHZKLOHWKHK\GURO\VDWH
ZDV SXPSHG RQ WKH RWKHU VLGH 7KRXJK PHPEUDQH H[WUDFWLRQ LV D QRQGLVSHUVLYH DQG WKH
VROXELOLW\RIRFWDQRODQG$ODPLQHLQWKHK\GURO\VDWHLVYHU\ORZZHKDYHVKRZQWKDWRFWDQRO
DQG $ODPLQH  FRQFHQWUDWLRQV RI J P/ DQG J P/ PD\ EH PHDVXUHG LQ WKH
K\GURO\VDWHDIWHUH[WUDFWLRQ>@ZKLFKFRXOGEHKLJKO\LQKLELWRU\WRWKHPLFURRUJDQLVPV
3UDFWLFDODSSOLFDWLRQRIPHPEUDQHGHWR[LILFDWLRQGHSHQGVRQXQGHUVWDQGLQJWKHPHFKDQLVP
RIH[WUDFWLRQRIWKHWR[LFFRPSRXQGVE\DWHUWLDU\DPLQHLQDVOLJKWO\SRODURUJDQLFVROYHQW+HUH
DE LQLWLR FDOFXODWLRQV FRXSOHG ZLWK WKH LPSOLFLW FRQWLQXXP VROYDWLRQPRGHO ZHUH SHUIRUPHG WR
GHWHUPLQH WKH IUHH HQHUJLHV DVVRFLDWHG ZLWK H[WUDFWLRQ XVLQJ *DXVVLDQ  LQ RUGHU WR EHWWHU
XQGHUVWDQGWKHPHFKDQLVPRIH[WUDFWLRQRIDOLSKDWLFDFLGVDQGIXUDQGHULYDWLYHVIURPDTXHRXV
VROXWLRQVLQWRRFWDQROLQWKHSUHVHQFHDQGDEVHQFHRIDQDPLQHH[WUDFWDQW
&RPSRVLWHPHPEUDQHVWKDWFRQWDLQERWKK\GURSKLOLFDQGK\GURSKRELFVXUIDFHVZLOOPLQLPL]H
WUDQVIHU RI WKH SKDVHV DFURVV WKH PHPEUDQH GXH WR DFFLGHQWDO SUHVVXUH IOXFWXDWLRQV E\
VWDELOL]LQJ WKH OLTXLGOLTXLG LQWHUIDFH LQ WKH PHPEUDQH SRUHV >@  $ OD\HU E\ OD\HU /E/
GHSRVLWLRQPHWKRGKDVEHHQXVHGWRGHSRVLWDOWHUQDWLQJFDWLRQLFDQGDQLRQLFSRO\HOHFWURO\WHVRQ
RQHVLGHRIDSRO\SURS\OHQHPHPEUDQHWKXVK\GURSKLOL]LQJRQO\RQHVLGH0RGLILHGPHPEUDQHV
ZHUHWHVWHGZLWKUHDOELRPDVVK\GURO\VDWHV
0HWKRGV0RGHOLQJ 7KHVWUXFWXUHVRIDFHWLFDFLGDQG LWVF\FOLFGLPHUDVZHOODV IXUIXUDODQG
K\GUR[\PHWK\OIXUIXUDO+0)ZHUHRSWLPL]HGXVLQJ*DXVVLDQ,WZDVQRWSRVVLEOHWRPRGHO
$ODPLQH  GLUHFWO\ GXH WR WKH ODUJH QXPEHU RI DWRPV LQYROYHG LQ WKH V\VWHP  $V D
VLPSOLILFDWLRQ WKH VWUXFWXUHV RI WHUWLDU\PHWK\O HWK\O SURS\O DQG EXW\O DPLQHVZHUH RSWLPL]HG
XVLQJ*DXVVLDQ:KLOHWKHUHODWLYHO\KLJKVROXELOLW\RIWKHVHORZPROHFXODUZHLJKWDPLQHVLQ
ZDWHUPDNHV WKHP LPSUDFWLFDO IRUPHPEUDQH H[WUDFWLRQ IUHH HQHUJLHV IRU FRPSOH[DWLRQ ZHUH
GHWHUPLQHGEHWZHHQYDULRXVFRPSRXQGVLQELRPDVVK\GURO\VDWHVDQGDPLQHVDVWKHQXPEHURI
&DWRPVLQFUHDVHV
7KH JDV SKDVH IUHH HQHUJLHV RI WKHVH FRPSRXQGV ZHUH FDOFXODWHG XVLQJ GHQVLW\ IXQFWLRQDO
WKHRU\ ')7 ZLWK K\EULG %/<3 IXQFWLRQDO DQG *G EDVLV VHW  7KHLU VROYDWLRQ IUHH
HQHUJLHVLQZDWHUDQGRFWDQROZHUHDOVRGHWHUPLQHGZLWKWKHLPSOLFLWFRQWLQXXPVROYDWLRQPRGHO
([SHULPHQWV )ODWVKHHWSRO\SURS\OHQHPHPEUDQHVSRUHVL]HPZHUH ILUVW WUHDWHGZLWK
FDUERQGLR[LGHSODVPDRQRQHVXUIDFH 1H[WDFU\OLFDFLGYDSRXUZDV LQWURGXFHGGLUHFWO\RQWR
WKHPHPEUDQH$IWHUULQVLQJZLWK',ZDWHUSRO\GLDOO\OGLPHWK\ODPPRQLXPFKORULGH3'$'0$&
S+DGMXVWHG',ZDWHU ULQVLQJ IROORZHGE\ SRO\DFU\OLF DFLG 3$$ZHUH DOWHUQDWLYHO\ FRQWDFWHG
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ZLWK WKH PHPEUDQH WR EXLOG WKH /E/ VWUXFWXUH  ,Q RUGHU WR YHULI\ WKDW /E/ GHSRVLWLRQ ZDV
SHUPDQHQWJODVVFKLSVZHUHPRGLILHGDQGPRQLWRUHG LQVLWXXVLQJ)RXULHU7UDQVIRUP3ODVPRQ
5HVRQDQFH)7635>@0HPEUDQHVZHUHFKDUDFWHUL]HGE\PHDVXULQJZDWHUFRQWDFWDQJOHV
([WUDFWLRQZLWK UHDO ELRPDVV K\GUROV\VDWHVZDV FRQGXFWHG DQGDFHWLF DFLG IXUIXUDO DQG+0)
ZHUHPHDVXUHGLQWKHK\GURO\VDWHXVLQJ+3/&>@
5HVXOWVDQG'LVFXVVLRQ
7DEOHVXPPDUL]HVWKHFRPSXWDWLRQDOUHVXOWV7KHILUVWFROXPQJLYHVWKHFRPSRXQGEHLQJ
LQYHVWLJDWHG ZKLOH WKH VHFRQG DQG WKLUG FROXPQV JLYH WKH IUHH HQHUJ\ RI VROYDWLRQ LQ WKH
DTXHRXVDQGRUJDQLFSKDVHV7KHILQDOFROXPQJLYHVWKHIUHHHQHUJ\RIH[WUDFWLRQIURPZDWHUWR
RFWDQRO7KHUHVXOWVLQGLFDWHWKDWH[WUDFWLRQRIDFHWLFDFLGLQWKHDEVHQFHRIDWHUWLDU\DPLQHLV
QRWOLNHO\ZKLOHH[WUDFWLRQRIDFHWLFDFLGGLPHUVLVIDYRXUDEOH,QDGGLWLRQH[WUDFWLRQRIDFHWLFDFLG
LQWRWKHRUJDQLFSKDVHLQWKHSUHVHQFHRIDWHUWLDU\DPLQHLVIDYRXUDEOH&RH[WUDFWLRQRIZDWHU
ZLWKWKHDFHWLFDFLGGLPHULVDOVROLNHO\7KXVZDWHUPD\QHHGWREHUHPRYHGIURPWKHRUJDQLF
SKDVHGXULQJUHJHQHUDWLRQ 7KHHIIHFWVRIVROYHQWDQGDPLQHK\GURSKRELFLW\RQH[WUDFWLRQZLOO
EHGLVFXVVHG
)LJJLYHVUHVXOWVIRUPRGLILFDWLRQRIPRGHOJODVVFKLSV$GVRUSWLRQRIWKHDOWHUQDWLQJOD\HUV
RI 3'$'0$&DQG3$$ZDVPRQLWRUHG E\ )7635  )LJ VKRZV WKH SRVLWLRQ RI WKH )7635
SHDNDVDIXQFWLRQRIWLPHGXULQJULQVHDQGSRO\HOHFWURO\WHDGVRUSWLRQVWHSV$UURZVLQGLFDWHWKH
WLPHDWZKLFKWKHVROXWLRQIORZLQJWRWKHIORZFHOOZDVFKDQJHG5HODWLYHO\VPDOOFKDQJHVLQWKH
SHDNSRVLWLRQDVVRFLDWHGZLWKHDFKRIWKHULQVHVWHSVLQGLFDWHVWKDWYHU\OLWWOHSRO\HOHFWURO\WHLV
ULQVHG RII DQG WKH GHSRVLWHG OD\HUV DUH WLJKWO\ ERXQG   0HPEUDQH FRQWDFW DQJHOV ZHUH DV
IROORZVEDVHSRO\SURS\OHQHVLGHPRGLILHGE\/E/GHSRVLWLRQVLGHQRWH[SRVHGWR
FDUERQGLR[LGHSODVPD7KXVRQHVLGHRIWKHPHPEUDQHZDVVXFFHVVIXOO\K\GURSKLOL]HG
)LJ  JLYHV W\SLFDO H[WUDFWLRQ UHVXOWV IRU DFHWLF DFLG ,Q RUGHU WR FRPSDUH UHVXOWV REWDLQHG
KHUHZLWKSXEOLVKHGGDWDWKHUHVXOWVDUHQRUPDOL]HGE\GLYLGLQJE\WKHPHPEUDQHVXUIDFHDUHD
DQG WKH RUJDQLF SKDVH IORZ UDWH 7KH UHVXOWV LQGLFDWH WKDW WKH VROXWH IOX[ IRU WKH EDVH
SRO\SURS\OHQHPHPEUDQHLVKLJKHUWKDQWKHPHPEUDQHWUHDWHGZLWKDFU\OLFDFLG,QWHUHVWLQJO\
DIWHUPRGLILFDWLRQZLWKDOD\HURI3'$'0$&DQG3$$WKHIOX[LVORZHUWKDQWKHEDVHPHPEUDQH
EXW KLJKHU WKDQ WKH DFU\OLF DFLG WUHDWHGPHPEUDQH  7KHVH UHVXOWV WRJHWKHU ZLWK IXUIXUDO DQG
+0)H[WUDFWLRQZLOOEHGLVFXVVHG
&RQFOXVLRQV
$ELQLWLRFDOFXODWLRQV LQGLFDWHWKDW WKHSUHVHQFHRIDQDPLQHH[WUDFWDQWHQKDQFHVH[WUDFWLRQRI
FDUER[\OLF DFLGV DQG IXUDQV  %DVH SRO\SURS\OHQH PHPEUDQHV KDYH EHHQ PRGLILHG WKURXJK
GHSRVLWLRQRISRO\HOHFWURO\WHVRQRQHVLGHRI WKHPHPEUDQH 7KHUHVXOWLQJVWUXFWXUHVWDELOL]HV
WKH DTXHRXVRUJDQLF LQWHUIDFH LQ WKH PHPEUDQH SRUHV  8VH RI WKHVH PRGLILHG PHPEUDQHV
PLQLPL]HVORVVRIHLWKHUSKDVHWKURXJKWKHPHPEUDQH
$FNQRZOHGJHPHQWV
)XQGLQJ ZDV SURYLGHG E\ WKH 86 'HSDUWPHQW RI (QHUJ\¶V 2IILFH RI WKH %LRPDVV 3URJUDP
WKURXJKWKH1DWLRQDO5HQHZDEOH(QHUJ\/DERUDWRU\=)7
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+0)WHUWLDU\PHWK\ODPLQH   
7DEOH6ROYDWLRQIUHHHQHUJLHVRIYDULRXVFRPSRXQGVLQZDWHUDQGRFWDQRO

 
)LJXUHOHIW)7635SHDNDVDIXQFWLRQRIWLPHGXULQJWKHGHSRVLWLRQRQJODVVFKLSV$UURZV
LQGLFDWH WKHEHJLQQLQJRIDQDGVRUSWLRQRU ULQVHVWHS )LJXUH  ULJKW$FHWLFDFLG IOX[ YHUVXV
WLPH IRUXQPRGLILHGSRO\SURS\OHQHPHPEUDQHDFU\OLFDFLG WUHDWHGDQGDIWHU/E/GHSRVLWLRQRI
3'$'0$&DQG3$$OD\HUV
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